Research into the mechanisms of oxidative and photosynthetic phosphorylation has shown that the energy-transducing ATPases (ATP: phosphohydrolase EC 3.6.1.3) from a wide variety of organisms are extremely similar. Well studied preparations from chloroplasts, from yeast and mammalian mitochondria (I 1), from bacteria (1), and from pea mitochondria (4, 8) show similarities in many catalytic and structural properties. In particular, the mitochondrial ATPases in their membrane-bound state are noted for their sensitivity to the antibiotic oligomycin (10, 11). This sensitivity, conferred upon the Fi-ATPase' by integral membrane components, is lost when the Fi-ATPase is solubilized (10). The soluble enzyme is noted for extreme cold lability (12) and a high mol wt (380,000 daltons) (10).
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Recently, workers from two laboratories have reported that the ATPase activity of sonicated corn mitochondria is not inhibited by oligomycin (5, 15) . In addition, the solubilized form of the corn ATPase was shown to be stable in the cold, and of low mol wt (40,000-6,000 daltons) as demonstrated by gel filtration (15) . The workers suggested that mitochondria of corn, and of the other monocotyledons tested, may possess a unique energy-transducing ATPase system (15) .
In this paper we report on the results of experiments designed to test this hypothesis. Submitochondrial particles, which are low in contaminating soluble enzymes, were prepared from sonicated corn mitochondria and were shown to be inhibited by oligomycin in the normal fashion; the remaining soluble fraction contained an ATPase that resembled F1-ATPase.
MATERIALS AND METHODS
Corn seeds (Zea mays L. cv. EarliKing) were surface-sterilized for 15 several times in running water. The seeds were then allowed to germinate in the dark for 3 days in Vermiculite in a growth chamber at 27 C. The etiolated shoots (100-200 g) were harvested and mitochondria isolated according to a differential centrifugation procedure that was described previously (14) . A ATPase activity was assayed at 30 C by the method described previously (4, 8). The assay medium was as described in Table I . The reaction was started by the addition of the fraction to be assayed, and stopped after 15 min by the addition of I ml of icecold quench solution (1.8 M NaClO4, 0.12 M glycine, and 0.3 M HCl). Inorganic phosphate was measured on a portion of the quenched mixture by the Mozersky et aL method (9) , which was modified as described previously (8) . A unit of ATPase activity is defined as the amount of enzyme required to liberate I pmol of phosphate in I min, under the above assay conditions. Protein was measured by a very simple and fast dye-binding procedure (13) . When defatted BSA was used as the standard, the technique gave good agreement with the Lowry method (7).
Tri-sodium ATP, TES, oligomycin, and lima bean trypsin inhibitor were obtained from Sigma. Pancreatic trypsin was from Calbiochem. All other chemicals were from Fisher, and were of the highest purity available.
RESULTS AND DISCUSSION
The whole sonicate from corn mitochondria showed an ATPase activity that was only partially inhibited by oligomycin (Table I, teins and whole mitochondria, and they are activated by trypsin. The soluble fraction remaining as a supernatant layer after the high speed centrifugation was also found to contain an ATPase activity. This activity could be a nonspecitic phosphatase, an F1-ATPase that was solubilized during sonication, or the novel low mol wt ATPase observed by Sperk and Tuppy (15) . With 3 mm ,B-glycerophosphate as a substrate we were unable to detect any hydrolysis activity with the soluble fraction. This ruled out a typical nonspecfic phosphatase as a component of the soluble fraction. We found that the ATPase activity ofthe soluble fraction was stimulated 2-fold by 0.1 M NaCI this stimulation was similar to that for the soluble ATPase of pea mitochondria (4). To determine further whether the fraction was actually solubilized Fi-ATPase, we added 0.5, mm NaN3 to the assay medium. Azide, which normally inhibits metallo-enzymes (3), is also an inhibitor of Fi-ATPases (10) including that from peas (4). The soluble fraction was about 90% inhibited by 0.5 mM NaN3 in the presence of 0.1 M NaCl; this inhibition is similar to that of the soluble pea enzyme under the same conditions (4).
The soluble fraction was found to be stable to freezing at -40 C, and to prolonged exposure to cold treatments at 0 C. This finding is in direct contrast to that observed with the purified ATPase from pea mitochondria (4) and with other soluble Fi-ATPases (11) , but it confirmed the experiments of Sperk and Tuppy (15) with the partially purified corn enzyme. A variety of compounds have been found to stabilize the mammalian Fi-ATPases at low temperature, including the Fi-ATPase inhibitor polypeptide, the protein-phospholipid complex Fo, and mitochondrial phospholipids (12) . The partial inhibition by oligomycin of the ATPase activity ofthe soluble fraction suggests that some ofthe Fi-ATPase might have complexed with an Fo-type protein-phospholipid.
Ifinhibitor polypeptide was stabilizing the enzyme, then trypsin treatment should result in increased activity and the appearance of cold lability. Our results show that trypsin did increase ATPase activity, but did not enhance cold lability (Table I, expt. 2). In this experiment we carried out sonication and centrifugation at 20 C to inimi any loss of Fi-ATPase caused by cold. The high activity ofthe whole sonicate and soluble fractions is in agreement with our findings on pea SMP that ATPase activity of SMP is stimulated by being kept at temperatures above 0 C (Grubmeyer and Spencer, manuscript in preparation). The soluble fraction, although it pssessed some catalytic properties that were similar to Fi-ATPases, cannot be definitely classified. While it may be found to be a completely separate ATPase enzyme, it is likely either a complex ofFi-ATPase with some coldprotecting agent, or a depolymerized form of the enzyme which is either capable of rapid reassociation under assay conditions, or which has catalytically active subunits.
Finally, we would like to comment on the widespread use of whole sonicate preparations to investigate plant mitochondrial ATPase (2, 5, 6, 15). These preparations can be misleading since they not only contain two distinct forms of the ATPase (soluble and membrane-bound), but also contain adenylate and nucleotide kinases, which confuse the results of substrate specificity studies.
In addition they may contain other enzymes that react with nucleotides or assay components. SMP, which require little additional effort to prepare, are less subject to contamination and provide more informative results.
